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1. INTROI)UC’1’1ON

in an earlier study, an cmJlirica] modcJ  was dcvclopcd  to infer soil moisture and surfidcc
l“c~llgllllcss  frol~lradarclata [1]. ‘1’heinvcrsion tcclulique  wascxtcnsivcly  tcstcci ovcrbarc  surfaces
l}ycollll~:ilillgt  hccstillla[cds  oilll~oistL]iclo  i~z.ri~//jl lc:tsllrc~~lcIlls. Thcovcl’:/ll  l< MScl’l”oril~tl]c
soil ]]]oistl]rccsti]~latc  was found tobc 3.5 % and the RMS crrorin  the RMS height estimate was
lcsstl~:ill  0.35c~ll  absc)llltc  forl~:irc olsliglltlyv  cgc.t:itc(is  ~lrF~ccs.  lIowcvcr,  invcrsionrcsuJts
indic<itc  that significant alnOuntSOf  VCgClali  Oll c:JLlsc t?lc:llgC)rilh:ll  to Llll(icrcstilllatc  s{)il moistLlrc.
at]d ovcrcstimatc RMS height. Among the areas ovc.r which the lavcrsion  cannot  be aJ@icd,  the
areas with intermediate vegetation cover  are ofJ3t~llicL~lal”illtc1”cst  as both the vcgctatim  and the
underlying bare sLlrfacc affect the backscattcr. ‘l’his paper  conccmtrates  mostly m these areas.
l.lsing the fLdl poJarimctric  information and the ~~loudc  target ciccomposition  aJymach  [2], thl”cc
different components of the target backscattering,  cm be isolated. Onc of these three components
can bc idcntificcl as the surf:ice component in the case of iatcmcciiatc  vegetation cover. Once the
sllrfacc component of the scattering is isolated, t hc bare sLwfmc invcrsio]l  can then be aJy31 icci.

2. S011 . MOIS’J’UIUC RIC’J’R1l  WA1  , F{)]< l] A1?lC SUI{VACICS

‘1’hc sgi] moisture retrieval method prcscntd  in [ I ] relics on the two foJlmving  equations
describing the hh-J>olari~,cci  and vv-J~olarizcd  backscattcring  cocfficicms o~,l and o:,, as a
function of O , the incidence angle, c, the real part of the dielectric constant, II , the Root Meal)
sqLIarc (RNJS) height of tJlc sLtrfidcc, k , the wave number  and 2 , the wavelength in cm:

(1)

“1’hc RMS height of the surface and the dielectric constant can easily be invcrlecl  from these
{WO rcJations. Oncc the dicJcctric COJ]SMJ]t is known,  the volun]clric  soil moistLlrc  can be
compLltcd  using the. ljallikaincn  CLUVCS [3] or the. IIrisco CLIJWCS[4].  “1’hc inversion accuracy was
extensively tcstc(i over a Va~iCly  of sensors and SitCs as dcscribcd  ill ~;iglu’c ]. ‘1’hc overall RMS
cJmJ’s were foLmd to be less than 0.4 cm in RMS height and 3.5% in soil nloistLlrc. ‘l’he
algorithm is oJlt imi~je(i  for bare sLlrfaccs  aIIci requires two co-pol arizc(i channels at a frequency
bctwccn  J.5 GIIz an(i 1 J GIIY,, It gives best rcsul(s for M <2,5 , II,, < 35%, anti 0230°.
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1 @lrc 1: Radar dcrivd  soil nloistLm versus in sitLl mcasurcmcnts.

Omitting the usually  weaker bv-polarized rctums makes (be algorithm ICSS sensitive to
systcm cross-talk and systcm noise, simplifies the calibration process and adcls robustness to the
algorithm in the prcscncc of vcgctaticm. 1 lowcvcr,  inversion results inclicatc  that significant
amounts of vcgctatim  (NIIV1 > 0.4) cause the algmitbm  to umlcrcstimatc  soil mojsturc and
ovcrcst i mat c RMS height. A si mplc criterion basccl  on t hc o}~u  /a~,, ratio was developed to select
the areas where tbe inversion is not impairc~i  by tllc vegetation. 1 n the following paragraphs, we
will present a way to estimate the soil moisture for surpdccs  with intcmccliatc vegetation cover.

3. . Cl .01)1 )11 I)IIXX)MI’OSI’J 1 lON

(Youdc showed that a general covariancc  matrix I 7’] can bc decomposed as follows:

[7’]= a,z, @i; +a2i, *i;+ A3i3*i:+-a4i4@ij (2)

111 (2), k, , i=l ,2,3,4 arc the cigcnvalucs  of tlm covariancc  matrix, k i , i=] ,2,3,4 are the
cigcnvcc.tors  of [ T], and ~~ means tbc mljoillt  (comp]cx  ccn)jugatc  transposcct)  of ~ i. in the
mmostatic  case, for rccipmcal media, the covariancc  matrix h:is onc Ycro cigcnvaluc  and the
(lcc(~llll>ositioll  results in at most three covariaacc matrices m lhc right-lumd side of (2).

Also useful in our discussions later is [;1OLK1C’S definition of target cntmpy,



.

(3)

As pointed out by Clmlc,  the largct entropy  iS a mCNWC of tm’gcl disor(icr, wit}] }1~ ‘ 1 for
random Iarg,cts ancl }Ii = O for simp]c (sjnglc) targets.

‘1’llC covarjancc matrix for a7,imLl[hally  symmctriml natural  tcmin ;n the monostaljc  case was
shown I 5] to follow (11C gcllcl’al  form:

‘“=  (s,,,, s;,,,) p - (s),,, s;,)
2(s/1,s;1, ) ~,,(j * =, !S$’).

‘  (S,,iij ‘  ‘] ‘ -(L;;S;,J (s,,,, s;,,,)

(4)

(5)

‘1’hc  superscript x means  complex cn)juga(c, and all quantities arc cnscmb]c  averages. ‘1’hc
pal”amctcrs  c , ( , p and ?1 all depend cm the sire, shape and clcctrjcal  properties of lhc
scat(crcrs,  as well as thcjr statjstjcal  angular  (iistrjlmtion. 1( ;s easily shown that the clgcnvalucs
of [T] al”c [6]

a,’ ;((+l+-J((-- I)’-{ 4pp*) (6)

12=; (;+ l-&--l) ’i”4p p*) (7)

A? ~ cl] (8)

l]ccmsc  [ Y’] is a 1 lcrmitian  matrix, the three cig,cnvalucs  are real and greater than mm

‘1 ‘hc corrcspmding three cj gcnvcct ors arc

(9)
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‘1’hc square. root t ems jn front oft hc cjginvc;:t  ors j n (9- 10) are them for normal i mt ion pLwposcs
and al; always positive. Wc note that A is positive and that ~A is always gmatcr than I( - II.
Also llOtC that WC C:Ill WlitC

(13)

where 11 jncludes  Ihe scluarc-root  faclors in front of the vcdors  in (9, 10) ancl is thcrcforc always
posilivc.  1( is easy to scc then that the ratio in (13) is always rc:tl  and negative. This means that
the first two cigcnvcctors  rcpmcIIl  scal[cring  malriccs  that  can be intcqmtcd  in terms  of odd ancl
even numbers of reflections when A rg(p) js CIOSC to Ycro. “l’his  is the case for scatlcrillg
dolnintitcd  by the surface scat[crillg  tcm.

4. S011 , MOIS’J’[JRIC l{l~J’RllCVAI, IX)]< I NrJ’1CI{h41CllI  A’J’lC VItGIC’J’A’J’JON COVICI{

When surface scatlcrins dominates, thr.sc conditions given by v:m Yjyl [7] me met:

‘1’hc first cigcnvaluc,  A, corrcspon(is  lhcn 10 the surface scat(cring term as k], is positive. 11 was
pojn(ed out jn [ 1 ] Ihat the presence of vegetation c;iuses the jnvcrsjon  to undcrcstinmfc  the soil
moisture :ind overestimate the mughncss. in the following paragraph, wc show that applyjng  the
jnvcrsion  cm the cmss-sections corrcspcm(iing  to the first cigcnva]uc  corrects this tendency by
resulting in a higher  soil moisture and a 10WCI RMS height estimate than the straightforward
jnvcrsion  on the cross-sections corresponding to the origini[l  covwiancc matrjx.

IJronl (14), wc know that p js a positive real. Wc can then write (9) ancl (1 O) as:

Whcl”c

(15)

(16)



A, 1], (x and ~ arc ma] and positive.

‘1’hc original covariance matrix and the 1111 to VV 1 atio can bc writlcn as:

‘1’hc covarjatm matrix cormponding  10 the first cigcnvalLlc  is:

N-$ ~? () 2.2 ~A,
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(17)

(18)

(19)

As long as ~ js greater than 1, ~ > a and  lk 111110 VV ratio of the full covariancx  matrix is
]211”gcI’(C]OSCJ’10 ] ) Ihll  lhc 1 ]] ] 10  VV l’2Jli0  Of Sill’ftlCC cOIllpOllCllt  Of tbC COV~~iNICC  mall”iX. It
follows thal the soil moistL1rc estimated from the first component of the. clccompositimi  will be
higher  than  the soil moisture estimated from the full covariance  matrix. 1( is also slraighlforwarcl

10 see [bat the o~,, is larger for the original matrix than for the first component, resulting in a
lower estimated value  of the RMS bcight  in the GISC of the surface component only.

s. . CONCl .lJl)ING l< IWIA1?KS

‘1’bis paper clcseribcs a mctlmcl  to widen  the domain of applicability of a soil mois[ure  inversion
<II gorit hm  previous] y published 10 include arc:is  of i ntctmcdiak  vcge.t  at ion  cover. ‘I:his  mctbd
was tested cm Al f<SAR and S11<-~. images and the results will bc prcscnlccl during  tbc Workshtip.
jl~ particular tbc following points  will bc. clarifid.

We will slmw  that tbcsc  conditions arc met by mos~ natural surfaces.
Ii] [ 1], the authors intmdLlcc  tbc 1 IV 10 VV ratio as a vcgc(ation  detector, We will evaluate }mw
this criterion  can be inta”prctcd  in the light of the C~loLdc decomposition and analyze  the val Llc of
the dccompositim  step by identifying those surfidces rc~cctcd  under  the 1 IV to VV ratio criterion
for which the dccomposilicm  mcihod allows an cst i] nat  IOJI of the soil moisture.
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